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article made of both structural (e.g. 
mineral) and thermoplastic fibrous 
materials and a method of making 
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improving the handling properties of 
the composite. A plurality of layers of 
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assembly with layers sequentially 
adjacent each other. At least each of 
alternate layers of the alternate layers 
of fabric include within its weave 
thermoplastic fibrous material 
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material. The layers of fabric, 
preferably under pressure, are heated 
at a temperature sufficient to promote 
bonding action by the thermoplastic 
fibers at junctures between fibrous 
materials. 
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SPECIFICATION 

Composite article and method of making 

This invention relates to composite fabrics and to a method of making composite fabrics, and 
more particularly, to an improved method of adhering or bonding the layers of composite fabrics made 
5 of fibrous material to provide an improved composite preform. 5 
Figure 1 is a fragmentary, perspective view of a single layer of woven fabric showing an exemplary 
distribution of yams. 

Figure 2 is a fragmentary, perspective view of a single layer of woven fabric showing an exemplary 
alternative distribution of yarns. 

1 0 Figure 3 is a fragmentary, perspective view of a plurality of layers of woven fabric in a stacked -j q 

assembly at a stage prior to heating. 

The article of manufacture of this invention is made, in one embodiment, by stacking a plurality of 
layers of fabric comprising fibrous material, at least alternating layers of the plurality of layers of fabric 
having thermoplastic fibrous material distributed in or intermixed within the weave of the structural 

1 5 fibrous material; preferably compacting the layers of fabric to form compacted layers of fabric; and -j 5 

heating the stacked layers at a temperature sufficient to promote a bonding action by the thermoplastic 
fibrous material at junctures between the fibrous materials. In most preferred embodiments, the heated, 
compacted layers are cooled after there has been a sufficient amount of heat to promote satisfactory 
bonding by the thermoplastic fibrous material. 

20 Generally, the amount of heat sufficient to promote the satisfactory bonding by the thermoplastic 20 

fibrous material is that temperature required to melt the thermoplastic fibrous material, to soften or 
tackrfy the thermoplastic fibrous material, or to otherwise cause the thermoplastic fibrous material to 
adhere to, cement, fuse, bond or secure the layers of fabric, hereinafter referred to as bonding or a bond. 
The length of time heat is applied to the composite is not critical as long as the heat is applied for a 

25 sufficient time to penetrate the layers of fabric in order to bring about such bonding action between the 25 
layers of fabric. For example, the stacked or compacted layers of fabric may be heated from about one 
second up to about 1 5 minutes in certain preferred embodiments. The amount of heat required, that is, 
the temperature required, and the length of time required depend upon various factors including the 
number of layers of fabric in the composite fabric, the thickness of the layers, the type or types of 

30 thermoplastic fibrous material, the type or types of structural fibrous material? and the state at which the 30 
thermoplastic fibrous material secures or bonds the layers together. These parameters can be easily 
adjusted z. d optimized by one skilled in the art without undue experimentation. 

In preferred embodiments, the temperature is at least the melting point of the thermoplastic 
fibrous material but less than the temperature required to degrade, decompose, or otherwise 

35 compromise the structural integrity of the fabric and/or its structural fibrous components. Although the 35 
temperature depends upon the particular type or types of thermoplastic fibrous material or 
combinations thereof, the preferred temperatures are generally greater than about 260°C (500°F) to 
below the decomposition temperature of the thermoplastic fibrous material or the structural fibrous 
material, whichever of such material decomposes at the lower temperature. For example, the polyester 

40 thermoplastic fibrous material made from polyethylene terephthalate and identified by E.L duPont de 40 
Nemours and Company under the trademark, Dacron, melts at about 250°C and decomposes at about 
350°C. in preferred embodiments, the temperature at which such compacted or compressed layers 6f 
fabrics are heated is about 250°C to about 275°C. 

The layers of fabric useful in the subject invention may have any desirable shape, size, form and 

45 configuration, and include woven and non-woven fibers, yarns, threads, filaments and the like. The non- 45 
woven fibers or materials may be batts, felts, pads, and the like. The structural fibrous materials may be 
any well-known materials which form fibers, filaments, threads, yams, woven fabrics, non-woven 
fabrics, batts, felts, and the like. As used herein, the term, structural fibrous material, embraces all of the 
various types of materials which form such fabrics useful in a plurality of layers to form a composite 

50 fabric in accordance with the present invention. Exemplary structural fibrous materials include glass in 50 
the form of glass fibers, carbon or graphite in the form of carbon or graphite fibers, non-graphite carbon 
fibers, vitreous carbon fibers, boron monolithic graphite and monolithic non-graphite carbon fibers, 
silicon and other refractory materials. A particularly useful structural fabric is one made of a combination 
of glass fibers and graphite fibers wherein the glass and the graphite fibers are woven into a fabric from 

55 yarns made thereof. In an example of the woven fabric made therefrom, carbon filaments and glass 55 
filaments or yarns are woven in the warp direction along with yarns made of a suitable thermoplastic 
material, for example, a polyacrylic yarn. Glass fibers and carbon fibers or yarns are used in the weft or 
fill direction. 

When a plurality of types of thermoplastic fibrous materials are used, they may be incorporated in 
60 a single yarn or thread. Alternatively, yarns or threads made of a single type of thermoplastic fibrous 60 
material may be used with yams or threads of another single type of thermoplastic fibrous material to 
form the woven or non- woven fabric. 

The size of the thermoplastic yarns, filaments, threads and fibers may be those which are 
conventionally used in making woven or non-woven fabrics. Although it is not critical in the practice of 



50 



9- ^ 
fabrics, yarn sizes are preferably abour^BoC 
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the present invention, for w^K fabrics, yarn sizes are preferably aboui^TOo filament tows up fo 
about 24,000 filament tows. 

The thermoplastic fibrous material which may be used to bond the layers of fabric in the 
composite fabnc of the present invention together may be selected from a variety of well-known heat 
5 softenable, thermoplastic fibrous material including polyamides, polyacrylics, polyesters and 5 
polyolefins, derivatives of the foregoing, and mixtures thereof. Examples of derivatives of the foregoing 
include halogenated species or species which have various functional groups attached thereto. 

Polyolefins include polyethylene, polypropylene, polybuty lene and the like. For exa mple, 
polyethylene which softens at about 1 1 0°C or polypropylene fibers which soften at about 1 50°C may 
1 0 be incorporated with the structural fibrous materials to form the fabrics used in the present invention. to 
The polyethylene fibers become softened sufficiently to become bonded to the structural fibrous 
materials, and/or to other polyethylene fibers in consecutive or adjacent layers of fabric Other 
thermoplastic fibers which may be used in accordance with the present invention include polyvinyl 
chloride fibers which soften at a temperature in the range of about 60° to 7 1 °C polyethylene 
tfrephthalate fibers having a melting point in the range of 258° to 263°C, and such polyacrylic fibers as 1 5 
Orion fiber or Acnlan fiber which have a melting point of approximately 220°C. Polyester fibers, such as 
polyethylene terephthalate, having a melting point of about 250°C and sold under the trademark 
Dacron, is one of the preferred materials useful as a thermoplastic fiber for the composite fabrics of the 
present invention. Dacron and Orion are trademarks of E.I. duPont de Nemours & Co., and Acrilan is a 
trademark for a synthetic acrylic fiber made by Monsanto Company. Examples of other thermoplastic 20 
polymers which may be used as thermoplastic fibrous materials in accordance with the present 
invention, include Nylon-6, Nylon-1 1 . and Nylon-66 materials. The term Nylon refers to a family of 
polyamide polymers characterized by the presence of the amide group. Polyesters include yarn 
? k matt \ r, . als made from a linear polyester comprising at least 85% (by weight) in the chain of an ester of a 
^& dihydric alcohol and terephthalic acid. In accordance with the present invention, the only requirement of 25 
the thermoplastic fibrous materials is its ability to promote the bonding action of the layers of fabric in 
the composite fabric at a temperature less than the melting point, decomposition temperature 
destructive temperature or degradation temperature of the structural fibrous material used in the fabric 
layers and/or the decomposition temperature, destructive temperature or degradation temperature of 
JU tne thermoplastic material itself. Thus, one skilled in the art can choose from a wide variety of 30 
thermoplastic fibrous material to promote the bonding action required to bond the layers of fabric 
together. The amount of thermoplastic fibrous material incorporated in the layer or layers of the 
composite fabric is not critical in the practice of the present invention as long as there is a sufficient 
amount of thermoplastic fibrous material to promote a bonding action to secure the layers of fabric in 
•so the composite together at junctures between fibrous materials. Furthermore, the amount of 35 
thermoplastic fibrous material in the layers of fabric may vary from layer to layer, and one skilled in the 
art can easily determine optimum amounts of thermoplastic fibrous materials per layer of fabric based 
upon the intended use for the composite fabric. In a composite fabric, certain layers may contain little or 
no thermoplastic fibrous material whereas an adjacent layer may comprise substantial amounts, for 
<*v example up to 60% (by volume) or higher of thermoplastic fibrous material (based upon the total 40 
volume of the structural fibrous material and thermoplastic material in the layer of fabric). In preferred 
embodiments, the amount of thermoplastic fibrous material in a layer or ply of the composite fabric is 
generally from a small but effective amount sufficient to provide bonding action, for example about 2.0 
volume percent up to about 25 volume percent based upon the total volume. Generally, the most 
«t> preferred embodiments of the present invention have about 4 volume percent to about 8 volume 45 
percent thermoplastic fibrous material a layer or ply of the composite fabric. For most uses, the 
minimum amount of thermoplastic fibrous material required to bond the layers of fabric together, is 
preferred to maintain the structural integrity of the overall composite fabric. Thus, even though certain 
ayers of fabric may have amounts of thermoplastic fibrous material included within the weave, adjacent 
layers of fabric in the composite may have little or no thermoplastic fibrous material therein. This results 50 
m an overall composite fabric having only a minimal amount of thermoplastic fibrous material therein, 
yet an amount sufficient to provide bonding action between layer of fabric in the composite. 

The bonding of the fabric layers together as described above, may be permanent or temporary 
depending upon the particular thermoplastic fibrous material used in the composite fabric and 
depending upon its interaction or bonding capability with the particular structural fibrous material used 5 5 
in tne fabrics of the composite layers. For example, when Dacron fiber is used as the thermoplastic 
fibrous material in a fabric woven from glass fibers, graphite yarn and Dacron fibers, the fusion or 
melting of such thermoplastic fibrous material results in a substantially temporary bond of the layers in 
the composite fabric. When such a composite fabric is strengthened by transply stitching in the 
unimpregnated state, the bond formed between the Dacron fiber and the other fibrous materials can be 60 
easily, and ,s preferentially, ruptured, thereby preventing damage to the graphite and glass fibers when 
the needle passes through the layers in the composite fabric. Any subsequent heating of the composite 
fabric will again bond any layers loosened or separated by handling, stitching, cutting and the like. 
65 -L - re 9 u,red to Promote the bonding action by the thermoplastic fibrous material may be 

applied m any suitable manner. Heat may be applied with heated rolls, heated pressure rolls, heated 65 



60 
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molds, radiated heat such as heat provided from an infra-red lamp, press platens, and the like. The 
manner in which the heat is applied to promote the bonding action by the thermoplastic fibrous material 
is not critical in the practice of the present invention. As discussed above, the layers of fabric must be 
heated by a suitable heating means at a temperature sufficient to promote the bonding action by the 
5 thermoplastic fibrous material incorporated in the composite layers. The temperature can be easily 5 
determined by determining the melting point, softening point or tackifying point of the particular 
thermoplastic fibrous material used in the fabric. As was mentioned above, when the thermoplastic 
fibrous material is Dacron, a temperature of about 250°c is required to melt the Dacron fibers to secure 
the layers of structural fabric together. Other exemplary melting points also have been described above. 
10 In preferred embodiments, the thermoplastic fibrous material is melted at least once to promote the -| o 
bonding action of the fibrous material. * 

In accordance with the present invention, at least two layers of fabric must be placed adjacent 
each other to form a composite or laminated fabric. At least alternate layers and frequently each layer 
includes thermoplastic fibrous material within the weave. Although at least alternate layers of the 
1 5 plurality of stacked layers must have thermoplastic fibrous material incorporated within its weave, in the 1 5 
preferred embodiments of the present invention, each layer or ply of fabric in the composite fabric 
comprises at least one type of thermoplastic fibrous material. One skilled in the art can easily determine 
a suitable sequence of layers, primarily depending upon the properties required of the finished 
composite fabric. The number of layers in the composite fabric formed by the method of the present 
20 invention is not critical and is determined by the desired use for the composite fabric. For example, such 20 
composite fabric may have only two layers of fabric or can contain sufficient layers or plies of fabric to 
result in a composite fabric having a thickness of 5 — 7 cm or more. 

After the layers or plies of fabric have been placed adjacent each other, that is, after the layers 
have been stacked, the layers of fabric are bonded by heating the thermoplastic material. Preferably 
25 they also are compacted by pressure or other suitable means to form compacted layers of fabric. 25 
Pressure, when applied, is intended to prevent the layers of the fabric from puffing up or to prevent 
separation of the layers of the laminate. Pressure is preferred and may be applied by any suitable means 
including positive pressure, for example, by means of pressure rollers, platens, clamps, and other 
compression devices, or by negative pressure, that is, by means of a vacuum holding device which 
30 compresses layers of fabric by suction or vacuum bag to form compacted layers. Many means of 30 
compacting the layers of fabric are available and are known to one skilled in the art. It is not critical in 
accordance with a preferred form of the method of the present invention that any particular amount of 
pressure be applied to compact the layers of fabric as long as they are securely held together. In some 
instances, little or no pressure is required. The application of pressure and heating may be carried out 
35 separately or simultaneously, for example, by using heated pressure rolls or heated pressure plates. The 35 
pressure can be released after the bonding action of the thermoplastic fibrous material is complete and 
preferably after cooling the thermoplastic fibrous material or after carrying out subsequent operations 
such as ply cutting operations, resin impregnation and the like. When pressure is released, the 
compacted composite fabric remains substantially in its compacted state if the temperature of the 
40 composite fabric has been reduced to a point where the thermoplastic fibrous material has hardened or 40 
solidified or otherwise formed a rigid bond with other material in the fabric. In certain preferred 
embodiments, the composite fabric may be formed by placing the layers of fabric adjacent each other in 
a suitable mold and applying the pressure and heat while the layers of fabric are held within the mold. In 
other embodiments, the composite fabric may be simultaneously compacted, heated, and cut. 
45 In certain embodiments, the composite fabric may be cooled as desired, preferably cooling to 45 

ambient temperature after the compacted layers have been heated to promote or complete the bonding 
action by the thermoplastic fibrous material. The cooling can be accomplished by any conventional 
cooling means including forced air, circulating fluids, permitting the fabric to gradually cool to room 
temperature, and the like. Cooling is carried out to reduce the temperature of the compacted composite 
50 fabric below the melting point, softening point or tackifying point of the thermoplastic fibrous material. 50 
In one embodiment of the present invention, the pressure and heat can be applied with a suitable 
cutting device. For example, a plurality of layers of the fabric are stacked sequentially adjacent each 
other, and a suitable pressure cutting device having heated cutting surfaces is applied to the layers of 
fabric. As the cutting edges of the cutting device engage layers of fabric, pressure is applied to the layers 
55 of fabric to form compacted layers of fabric and the compacted layers are heated. The bonding action by 55 
the thermoplastic fibrous material is promoted in that region in the layers of fabric where the heated 
cutting edges engage the layers of fabric. 

The rigidity of the composite fabric is not critical and depends upon several variables. One skilled 
in the art can optimize and/or adjust rigidity as desired by controlling various parameters, for example, 
60 thickness of each ply, thickness of composite, number of plies, type, size and amount of structural, 60 
reinforcing fibrous material, type and amount of thermoplastic fibrous material, and optional parameters 
such as resin impregnation, curing of the resin, stitching and the like. 

The rigidized preform prepared in accordance with the method of the present invention, can be 
easily handled through subsequent operations without damage to the structural yarns. The three- 
65 dimensional, substantially dry composite preform of fabric layers bonded to each other can be stitched 65 
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with high strength threads to introduce transply reinforcing fibers in the inherently weak direction of the 
orT*' rrI?* CO, r POS,t u ^L' 0 - Conventi °n a ' stitching means and techniques may be used. It is generally 
fin hw?- Strengtn f n the composite preform in the Z-direction axis (the X— Y axis being the warp and 
^Lor!n w n r reSP l ' Ve,y> - ™ e Z- d ™«™ is substantially perpendicular to the plane of the fabric and 

I ^k- ^ ansp, y Various available conventional yarns, threads or fibers may be 5 
-h /k ^ ,to h'"g- One preferred yarn for transply stitching is a synthetic organic polymer fiber sold 
as Ararrud fiber by E I duPorrt de Nemours and Co. under the name Kevlar. The dry composite preform, 
having the layers of fabric bonded to each other, can be impregnated with a resin by conventional well- 
known pressurized resin transfer molding methods, followed by a subsequent curing to produce a 
reinforced molded composite. Conventional, commercially available resins may be used for the resin 1 0 
impregnation of the fabric, and the preferred techniques embrace the injection of the resin into the 
composite fabnc while the fabric is in a mold. 

. Referring to Figure 1 , there is shown a fragmentary perspective view of an exemplary layer of 
fabric made from two structural, reinforcing fibrous materials and one thermoplastic fibrous material. 
The magnified representation of a segment of a layer of fabric which may be used to make the 1 5 

composite fabnc preform by the method of the present invention is a woven fabric, comprising 
structural yarn 2. for example, yarn made from carbon filaments as the primary yarn; hybridizing yarn 4, 
for exarnple. fiberglass as the secondary yarn; and thermoplastic yarn 6, for example, yarn made from 
Dacron fibers, in the warp direction. Hybridizing yarn 8, for example, fiberglass; and structural yarn 10 
for example, yarn made from carbon filaments, are shown in the fill or weft direction. In accordance with 20 
the method of the present invention to make a composite fabric preform, a plurality of the layers of 
fabnc as illustrated in Figure 1 are stacked adjacent each other. Then pressure preferably is applied to 
the layers of fabric to form compacted layers of fabric and the compacted layers, or a portion thereof 
are heated at a temperature sufficient to promote a bonding action by the thermoplastic fibrous material 
6 between the layers of fabric. Upon reducing the temperature below the bonding temperature, a 25 
temporary or permanent bond is formed between layers of fabric, and the layers of fabric remain 
compacted when the pressure is released. In accordance with the present invention, heat may be 
applied to the entire layer of fabric or to selected portions of the layer of fabric. For example, in certain 
cases it may be desirable to apply heat in those areas of the layer where cutting operations are carried 
out to secure the layers only where the cutting edges engage the fabric, thereby preventing shifting or 30 
movement of the layers and/or reducing fraying of the yarns, fibers or filaments at the cut edge. 

In another exemplary embodiment as illustrated in Figure 2. also showing a magnified, 
fragmented perspective view of a layer of fabric which may be used in the method of the present 
invention thermoplastic fibrous material 24 and 30 is used in both the warp and weft directions in the 
35 woven fabric. In Figure 2. structural yam 20. for example, carbon filament; hybridizing yam 22. for 35 
example fiberglass; and thermoplastic yam 24. for example, Dacron; are used in the warp direction. 
Also, hybridizing yam 26, for example, fiberglass; structural yarn 28, for example, carbon filament; and 
?a HQn J 3 '" 3 °J . for u exam P'e, Dacron, are used in the fill or weft directions. Thermoplastic yarns 
24 and 30 when used ,n both the warp and weft directions, provide additional fibers of thermoplastic 
40 fibrous materia (as compared with the embodiment of Figure 1 ) to promote additional or more secure 40 
bonding action by the thermoplastic fibrous material. 

Referring to Figure 3. two layers or plies 40 and 50 representing a plurality of layers of the fabric 
of Figure 1 . are placed sequentially adjacent each other to form a stacked assembly of fabric. The 
ac Jio S S2!i n m r ^ ■ sh ° wn J n the magnified, fragmented, perspective view to exemplify layering of 

£L« In JiTrV 0 b °" d,n9 by therm °P'astic fibrous material 6 in each layer represented by 45 
S^fm2« ^ " '•" F 9U . re 3 ' the tWO ,ayers are {d entical. However, the present invention 
contemplates use of any particular layer configuration, or mixture of configurations, such as woven 
S^r,T" W ° Ve r ; a,te x mate 'ayering of plies containing thermoplastic fibrous material, and plies 
without thermoplast.c fibrous material; and the use of different fabric materials in the composite fabric. 
nh.r^?^ 6 , 6 acc ° rdance with a Preferred embodiment of the present invention, when the 50 

mo" nf a ^rT'K e - PreS ! nted J by ,ayerS 40 and 50 are ^P^ed or compacted by conventional 
r c r if >n ht thlr fabnt l. ,s ^ated or exposed to heat at a temperature sufficient to promote the bonding 
action by thermoplastic fibrous material 6, layers 40 and 50 become bonded together. 
„ • _ st ' tch,n 9 ma Y be carried out before the compacting and bonding or fusing of the layers. However, 

lT,£»nt m i?H emen Wlt ^ tHreadS ° r fiberS ' after the fusin 9 of the thermoplastic fibrous materials into 
fofrfpH h» th Y ^?°? P , OS ,I te Dreform - Furthermore, in preferred embodiments, the composite fabric 
ran^lJ X^,™ ■ ■ 6 PreSe "I invention - ma Y be cooled, stitched in any direction including the 
60 s^nr d Z h I ' T Tc ,mpre 9 n f ted - cut and ^e like or any combination of the foregoing in any 

member '4, f £ TT^' ? reieTTed embodiment for making a turbomachinery blading 60 
c? tntnre^nt fn f L° r 3 '? ftom rigid fabric preforms made by the method 

S^rehT ta^.^ n ,0n ',K f - ed ' C °. mpacted P reform havi "9 melted thermoplastic fibrous material 
amb!enVf P mnLrt 7 v^f'Z 9 ° f the therm °P' a stic fibrous material most preferably to 
cameos* :£En££J? S °" drf y tne thermoplastic material. The pressure upon the cooled compacted 
composite fabric is then released, and the composite is then stitched in the transply direction with - 65 
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reinforcing yarn. After stitching is complete, the stitched preform is impregnated with resin by pressure 
injection and heated to cure the resin. The preform is then cooled and may be used as the final product. 
In another preferred embodiment the heated compacted composite fabric having melted thermoplastic 
fibrous material therein is stitched in the transply or other suitable direction or directions prior to cooling 
5 of the composite fabric and/or prior to the release of pressure. The stitched composite fabric is then 5 
cooled, followed by the release of pressure and cutting. The stitched, cut composite fabric may then be 
optionally resin-impregnated. Thus, the general types of structures employing the present invention 
include the dry composite fabric preform having no resin impregnation and no stitching, the composite 
fabric preform having reinforcing stitching in the Z-direction; a composite structure of the preform 

1 0 having resin impregnated therein; and a composite fabric structure of the preform having both i o 

reinforcing stitching and resin impregnation. Naturally, other variations and optional steps are within the 
purview of one skilled in the art, and such variations and steps can be easily implemented once the 
basic method steps and composite preform of this invention are known. 

As explained above, any combination of layers or plies, structural fibrous materials and 

1 5 thermoplastic fibrous materials in at least alternating sequentially arranged plies or layers may be used 1 5 
in accordance with the present invention in making the composite fabric preform. Furthermore, any 
fabric weight, knit or weave design, texture, fiber distribution, and the like as conventionally used for 
composite fabrics and preforms may be used in accordance with the method of the present invention. 
Plain, crimpless, semi-crimpless and other suitable weave patterns may be used in such woven fabrics. 

20 However, in preferred embodiments, the semi-crimpless weave offers an added degree of handleability 20 
resulting from the addition of thermoplastic fibrous inaterial, for example, Dacron yams in the warp 
direction, woven in pairs forming a locked leno stitch in the warp direction of the fabric. Subsequent 
heating of this fabric in the formation of a composite fabric preform, in accordance with the present 
invention, further locks the structural fibrous material due to the thermoplastic fibrous yarns fusing 

25 together at the joints or junctures where the thermoplastic fibrous yarns intersect with or contact other 25 
yarns, fibers, filaments or threads. 

It has been found in accordance with the present invention, that when Dacron material is used as 
the thermoplastic fibrous material in a composite fabric preform, and the fabric is formed by heating the 
composite fabric or layers or plies of fabric to the melting point of the Dacron material, subsequent 

30 penetration of the needle during stitching of the cooled composite perform, and prior to impregnation, 30 
results in minimal fiber damage, as previously described. Furthermore, there is little or no fraying of the 
filaments and yarns of the composite fabric made by the method of the present invention due to cutting 
and other operations performed upon the composite fabric preform once the thermoplastic fibrous 
materials are bonded. 

35 it is also within the purview of one skilled in the art to provide various surface treatments, finishes, 35 

primers, and other additives and adjuvants to improve the bonding, shear, texture and the like of the 
composite fabrics of the present invention. The thickness of each ply or layer can vary as desired. 
Generally, in preferred embodiments, the thickness of each pry or layer varies from about 2.0 mils to 
about 25 mils; however, this is not a limiting feature of the present invention. 

40 Composite fabrics and uses for composite fabrics, stitched or unstitched, resin impregnated or 40 

without resin impregnation and the like, are well-known in the art and have many uses. One particular 
use for the method and preform of the present invention, impregnated with resin binder, is the 
manufacture of blading members, such as fan blades for jet engines. Such resin-impregnated 
composites have excellent durability, impact resistance and rigidity for such applications. The fusing or 

45 bonding of the layers or plies of fabric together by the thermoplastic fibrous material to provide the 45 
preform substantially improves the handleability of the preform: it can be easily cut with minimal 
damage to the preform and to its individual components, such as fibers, yams and filaments. 

The ply cutting may be carried out at any stage of the method of the present invention, but it is 
preferably carried out after the bonding or fusion of the layers. Any conventional ply cutting technique 

50 may be used. Exemplary ply cutting techniques include the clicker press technique {dies having sharp 50 
cutting edges), reciprocating knives and laser beam cutting. 

The layers of fabric in the preform of the present invention can be unidirectional, that is, the fibers 
are oriented so that they are substantially aligned in a single direction, or they can be multi-directional, 
wherein the fibers are arranged perpendicular to each other or at any desired angle or sequence to each 

55 other. The individual plies can be arranged so that the warps of each layer are arranged in the same 55 
direction or perpendicular to the preceding layer or at any other desirable angle or sequence. 

The following specific examples describe the article and the method of making the article of this 
invention. They are intended for illustrative purposes only and should not be construed as limiting the 
present invention. 

60 EXAMPLE 1 60 
A hybrid fabric was made by weaving a structural yarn identified as Thornel 300, a carbon filament 
yarn manufactured by Union Carbide Corporation; a structural hybridizing yam, a fiberglass yarn 
identified as S-glass and supplied by Pittsburgh Plate Glass industries; and Dacron (registered Trade 
Mark) thermoplastic polyester fibrous material in the warp direction. The Thornel 300 structural yarn 
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6,000 filament tows carbon yarn; the S2-glass was 1 0 ends of fiberglass having a 1 50/1 0 weight t Per 

* was S ^ ni.T, of fh Da ^ r ° n th l™°P ,astic fib ™* materia, was 2-ply(70 denier) with 20 end! Tne^, 
7lo/to 1 nht ? 7l 0rn l 3 c °o 0 T^ 3 '' 1 fi,ament tows and 3 2 - 2 5 Picks fiberglass having a 
was U.UU9 inch (0.023 cm). The fiber distribution in the fabric was 5.70% by weight (7 4% by volume) 
voT^S 

10 Layers of the woven fabric were stacked in a unidirectional pattern, and the number of layers of 

hfckness" Th SSftVj - abr ' ,C the f5nished compacted product was about 6.3 cm n 

thickness. The layers of fabnc were stacked in a mold, compacted by pressure means and heated to the 

• S£?!IKT f T materia '* 25 °° C - After the Dacron mate ' Jal had melted, the ^.omposfte 
fabric preform was cooled to room temperature. A sample of the preform could be stitched and tale 
fiber damage was noticed in areas punctured by the needle. A catalyzed epoxy resin btend namer^ 

LteLtfno and th« 2— ^ ^ ^ injeCted int0 the mo,d under Pressure. The resin was cZred 
SrSS»n ,m P re ?" ated art,c,e was cooled and removed from the mold. Simulted jet 

Sh£2£ blades were made. The mechanical properties of the composite were almost Iderrttart to the 
o~^^^^^ 

EXAMPLE 2 

i , c Composite articles were made by the method and fabric of Example 1 from a series of test oanels 
lo^nf K • 'x 9 - 2 T )X 1 1 5 inCh6S (292 Cm) X 008 inch (°-20 cm) using ^bSSi?ESJ5^ 
25 3 5 °o e " fab " C ,o Tw ? ,3 t y ;- P P3 u ^ Were eva,uated ' na mely. [0°. 35°, 0°, -35% and [S-^n iSTo- 
i,!^;^ 5 ,° r,e , nt f *v tHe str " ctu u ral Y ams of th e fabric layers are consecutively aranged at the ' 
designated angles (relat.ve to each other), and subscript S designates a balanced mirror image lay-up of 

at rSdS^iT" °J 3 **"„' °l 8 "t* ° r ^ the [ °° ] > Nation all structuXams are P 
aligned in the same direction, and the subscript, 8, designates 8 plies or layers. The preforms were resin 

30 Jn th?rn V H reS, ' n b ' end ^"'^ " ^ VThe mechanJ. proves t the S 

K^S^^T ? d,rect '°n are shown in Table 1 below. In Table I. the tensile strength is shown in 
Ksi i thousands of pounds per square inch); Young's modulus, designated as Mod. is shown in MsT 

Ksi ^ P h 0 e U wa S ro Pe d rSq t are 1*%? * Sh ° W " in ** and short ^ ^ shown in 

Ksi, in both the warp direction and the fill direction. All tests shown are at room temperature The tests 

5 S3 3) m a 0 di e h t v P , ane,S haV l ng ^ a t sealed Dacron yarn therein (Panels 1 and 2) wi£ TZ^STnSP^ 
(Panel 3) made by a prior art technique, the third panel having a [0° 35° 0° -35°1 balanced 
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Referring to Table I, it can be concluded that the panels of the present invention (Panel #1 and 
#2) have substantially equal mechanical properties when compared with the panels of the prior art 
where the fabric contains no Dacron material. Thus, the thermoplastic fibrous material which improved 
the handleability of the composite does not compromise the mechanical strength of the composite 
5 fabric, and it can also be concluded that there is no loss in mechanical strength even when the structural 
yarns of the fabric are. all aligned in the same direction (Panel #2). 

EXAMPLE 3 

Two different resin injected preforms were made by the method of Example 1. One sample 
containing the Dacron yarn was heated at a temperature above 250°C to melt the Dacron yarn and the 
1 o other sample containing Dacron yarn was not heated. Both samples had nine plies each, and the lay up 
pattern or structural yarn orientation was 0°. The room temperature mechanical properties of the two 
resin-transfer molded composite articles (no stitching) are compared in Table II below. 
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TABLE II 

EFFECT OF HEATING THERMOPLASTIC FIBROUS 
MATERIAL IN COMPOSITE ARTICLES HAVING 
THERMOPLASTIC FIBROUS MATERIAL WOVEN THEREIN 







Warp Direction 








Panel 


Tensile 
Str. 
(Ksi) 


Mod. 
(Msi) 


Flex. 
Str. 
(Ksi) 


Mod. 
(Msi) 


Short 
Beam 
Shear 
(Ksi) 


1. Not Heated 


132 


12.87 


169 


12.01 


10.7 


2. Heated 


133 


13.53 


167 


11.65 


9.6 



1 tz tho JH^i V k 6 1 u S th3t there is no de 9 radatf on in flexural tensile strength and moduli? in 

warp direction when the thermoplastic fibrous materials (Dacron yarn) are melted in a woven 9-ply , 5 
composite preform impregnated with resin. Thus, the improved handleability, reduced fraying during 
cutting and other advantages of the composite preform made by the method of the present invention 
do not compromise the strength of the multi-layered composites. 

on „ mn !?- C6rtai k ''"f ances ' nas indicated a potential reduction in the warp direction flexural 

£2£ Pr Z ♦ ^ Cre3 . ted b / 1" 6 initial shrinka ae of the Dacron thermoplastic yarn prior to melting 2 0 
and the resultant distortion of the warp structural yarns. However, in those cases the short beam shear 
and transverse properties were basically unaffected. This can be overcome by additional pressure or 

ohT^'fh" 9 °V 6 T f ° rm t0 reStrain warp fibers from movement during the melting or heating 

-> k £ h? tSf P^ss. Regardless of the reduction in warp direction flexural properties, the improved 
25 handleabilrty^ reduced fraying from cutting and other advantages of the composite preforms made by 25 

the method of the present invention were unchanged. 

In accordance with the present invention, the composite preform made by the method of this 

invention has overcome several prior art disadvantages including the handling problems normally 

™ nr^fo 6 H W '* k - 8 F' 88 fab , ri f ,am!nates or composites. The handling properties of dry fabric 

30 Preforms or dry fabric layers used for the formation of composite fabric materials have been improved 30 

by the incorporation of. and bonding with, a thermoplastic fibrous material in the fabric made 

Si* f r - C . materia,s whicn ar * normally slippery and difficult to handle when 

\ZZ?L^ • *"* ad ' acent each other " ™° composite preform made by the method of 

^ f„rif™ ,nv . ent «° n can be mechanically held in a dry structural form for cutting and other operations, 

elimfnlted 9 Subsequent da mage to the yarns and fibers thereby have been reduced or substantially 35 

nrofor^?' 6 P. resent inve ntion has been described in detail with particular reference to certain 
preferred embodiments and specific examples thereof, it will be understood that variations and 
modifications can be affected within the spirit and scope of the invention. 

40 CLAIMS 

<*r,,rJ,;IiV a K artIC ' e ° f manufacture comprising a composite of a plurality of layers of fabric including 40 
mSStSTT matenal '. the p,urantv of ,a Y ers bein 9 disposed in a stacked assembly with the layers 
sequentially adjacent and in contact with each other, the improvement comprising- 
a first layer of fabric adjacent a second layer of fabric, of the plurality of layers; 
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the first layer including within its weave a thermoplastic fibrous material intermixed with the 
structural fibrous material; 

the first and second layers being bonded together by the thermoplastic material at junctures 
between the fibrous materials in the first and second layers. 
5 2. The article of claim 1 further including resin impregnating the plurality of layers. 5 

3. The article of claim 1 in which each of the first and the second layers includes within its weave a 
thermoplastic fibrous material intermixed with the structural fibrous materia). 

4. The article of claim 1 including at least three layers wherein each of alternating layers includes 
within its weave the thermoplastic fibrous material intermixed with the structural fibrous material. 

1 0_ 5. The article of claim 3 wherein each of the layers includes within its weave the_thermoplastic f 0 

fibrous material intermixed with the structural fibrous material. 

6. The article of claims 1 , 2, 3, 4 or 5 wherein the thermoplastic fibrous material is selected from 
the group consisting of heat softenable polyamide r polyacrylic, polyester, polyolefins, derivatives of the 
foregoing, and mixtures thereof. 
15 7. A substantially dry, composite fabric preform comprising: 1 5 

a plurality of layers of fabric each including structural fibrous material; 

the plurality of layers being disposed in a stacked assembly with the layers sequentially adjacent 
and in contact with each other; 

at least each alternating of the layers in the stacked assembly including within its weave a 
20 thermoplastic fibrous material intermixed with the structural fibrous material; 20 
the plurality of layers being bonded together by the thermoplastic material at junctures between 
the fibrous materials. 

8. The preform of claim 7 in which each of the plurality of layers includes within its weave the 
thermoplastic fibrous material intermixed with the structural fibrous material. 
25 9. The preform of claims 7 or 8 wherein the thermoplastic fibrous material is selected from the 25 

group consisting of heat softenable polyarnide, polyacrylic, polyester, polyolefins, derivatives of the 
foregoing, and mixtures thereof. 

10. An article of manufacture comprising: 

a plurality of layers of woven fabric each including structural fibrous yarn made of fibers of 
30 materials selected from the group consisting of carbon, graphite, glass, boron, silicon, refractories and 20 
their combinations, 

the plurality of layers being disposed in a stacked assembly with the layers sequentially adjacent 
and In contact with each other; 

at least each alternating of the layers in the stacked assembly including within its weave a 
35 thermoplastic fibrous material intermixed with the structural fibrous material and selected from the 35 
group consisting of heat softenable polyarnide, polyacrylic, polyester, polyolefins, derivatives of the 
foregoing, and mixtures thereof; 

the plurality of layers being bonded together by the thermoplastic material fused at junctures 
between the fibrous materials; and 
40 a resin impregnating the plurality of layers. 40 

1 1 . In a method of making a substantially dry composite fabric preform the steps of: 
providing a plurality of layers of a first fabric which includes within its weave a thermoplastic 

fibrous material intermixed with a structural fibrous material; 

disposing the plurality of layers in a stacked assembly with the layers sequentially adjacent each 
45 other; and # 45 

heating the layers at a temperature sufficient to promote a bonding action by the thermoplastic 
fibrous materials at junctures between the fibrous materials. 

12. The method of claim 1 1 in which pressure is applied to the stacked assembly to provide 
compacted layers during heating. 

50 1 3. The method of claim 1 1 wherein a layer of a second fabric substantially of a structural fibrous 5 q 

material is disposed between at least one pair of the plurality of adjacent layers of the first fabric in the 
stacked assembly prior to application of heat. 

1 4. The method of claim 1 1 in which the thermoplastic fibrous material is provided in a range of 
from a small but effective amount sufficient to provide the bonding action up to about 60 volume 

55 percent of the total volume of the layer. 55 

1 5. The method of claim 14 in which the thermoplastic fibrous material is provided in the range of 
about 2 — 25 volume percent. 

1 6. In a method of making a composite article the steps of: 

providing a plurality of layers of woven fabric each including structural fibrous yarn made of fibers 
60 of materials selected from the group consisting of carbon, graphite, glass, boron, silicon, refractories and 6 q 
their combinations; 

disposing the plurality of layers in a stacked assembly with the layers sequentially adjacent and In 
contact with each other; 

at least each alternating of the layers in the stacked assembly including within its weave a 
65 thermoplastic fibrous material intermixed with the structural fibrous material and selected from the 55 
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0 ; # 

>ftenable poly amide, Dolvacrvlic. ool vector nnh/ni^f; 



fo?^ 0nSlS !i. n9 -!! heat !° , b ' e P ol y a ^ ide - Polyacrylic, polyester, polyolefins, derivatives of the 
foregoing, and mixtures thereof; 

a«~t2!? therm °P la ^ ,c . fibrous material, in the layers in which it is included, comprising from a small but 
5 vSume o?^"?^' 6 " 1 *° Pr ° m ° te * b ° ndin9 aCti °" " P tC> 3b ° Ut 60 VO,Ume percen * of the tota » 

applying pressure to the stacked assembly to provide compacted layers while 5 
th„ JIT "I? «k ^P 30 *^ ,ave . rs at a temperature sufficient to promote a bonding action by the 

cXst™r^ ^ JUnCtUreS b6tWeen ^ t0 Pr ° vlde 3 Substa ^»V *V 

10 impregnating the preform with a resin. 

1 7. The method of claim 1 4 in which each layer includes thermoplastic fibrous material. 1 0 

of the drawing manufaCture SUDS tan«a"y as hereinbefore described with reference to any Figure 

1 5 described m6th ° d ° f manufacture as c,almed m c,aFm 1 1 ™ claim 1 6 and substantially as hereinbefore 
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